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Despite  significant  financial  support  from  the  UK  government  to  stimulate  adoption  of  microgeneration 
energy  technologies,  consumer  uptake  remains  low.  This  paper  analyses  current  understanding  of  motiva¬ 
tions  and  barriers  that  affect  microgeneration  adoption  with  the  aim  of  identifying  opportunities  for 
improving  the  uptake.  The  findings  indicate  that,  although  feed-in  tariffs  have  increased  the  uptake,  policies 
do  not  sufficiently  address  the  most  significant  barrier  -  capital  costs.  ‘Environmental  benefit’  appears  to  be  a 
significant  motivation  to  install,  but  there  is  doubt  whether  consumers  are  willing  to  pay  extra  for  that.  The 
issue  is  complicated  by  the  fact  that  motivations  and  barriers  differ  between  segments  of  the  population, 
particularly  with  age.  Younger  age  groups  are  more  willing  to  consider  installing  but  less  frequently  reach  the 
point  of  installation,  suggesting  that  other  barriers  such  as  costs  prevent  them  from  installing.  Further 
investigation  into  these  factors  is  required  to  understand  how  uptake  may  be  increased. 
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1.  Introduction 

In  the  UK,  microgeneration  is  defined  as  the  generation 
of  electricity  of  up  to  50  kW  and/or  heat  of  up  to  45  kW 
from  a  low-carbon  source  and  includes  the  following  technol¬ 
ogies  [1]: 
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Fig.  1.  Increase  in  the  number  of  installations  from  2001  to  2012.  [Estimates  based  on  the  following  sources:  2001-2005:  Element  Energy  [12];  2008:  Element  Energy  [8]; 
2010-2012:  DECC  [9],  For  calculations,  see  Appendix  A], 


•  electricity:  solar  photovoltaics  (PV),  micro-wind,  micro-hydro, 
micro-CHP  and  fuel  cells; 

•  heat:  solar  thermal,  air  source  heat  pumps  (ASHP),  ground 
source  heat  pumps  (GSHP),  water  source  heat  pumps  (WSHP), 
biomass  stoves  and  boilers. 


This  scale  of  generation  is  suitable  for  installation  in  domestic 
and  non-domestic  buildings,  including  offices,  schools,  shops, 
hotels  and  factories. 

The  UK  government  aims  to  increase  the  uptake  of  micro¬ 
generation  technologies  as  part  of  its  strategy  to  improve  energy 
security  and  reduce  greenhouse  gas  (GHG)  emissions  [2],  Given 
that  the  residential  sector  accounts  for  30%  of  UK  energy  con¬ 
sumption  [3]  and  other,  non-residential,  buildings  account  for 
18%  [4],  reductions  in  GHG  emissions  within  these  sectors  could 
contribute  significantly  to  meeting  the  UK  climate  change  targets. 

To  stimulate  the  adoption,  the  Feed-in  Tariff  (FIT)  scheme  was 
introduced  in  April  2010,  significantly  reducing  capital  payback  times 
[5,6],  The  FIT  scheme  offers  a  payment  for  each  unit  of  electricity 
generated  to  approved,  grid-connected,  electricity  microgenerators  of 
less  than  5  MW  capacity.  There  are  additional  payments  for  electricity 
exported  back  to  the  grid.  Technologies  eligible  for  payments  are  solar 
PV,  wind,  hydro,  anaerobic  digestion  and  CHP.  The  payment,  which  is 
guaranteed  over  20-25  years  (apart  from  CHP  which  is  guaranteed 
for  10  years),  is  made  by  the  energy  supplier  companies  and  their 
costs  are  recouped  by  increasing  consumer  electricity  prices.  Pay¬ 
ments  are  different  for  each  technology  and  for  different  capacities  of 
installation  and  are  based  on  providing  a  5%  return  on  investment.  In 
addition,  the  government  has  developed  a  Microgeneration  Strategy 
to  tackle  non-financial  barriers  to  greater  deployment,  such  as 
uncertainties  in  performance  and  reliability,  by  ensuring  supplier 
accreditation  through  the  Microgeneration  Certification  Scheme1  [7], 

Government  support  for  microgeneration  has  helped  to 
increase  uptake,  especially  of  solar  PV,  which  has  grown  from 
around  3000  installations  in  2008  [8]  to  3  20, 0002  in  2012  [9];  see 
Fig.  1.  However,  the  uptake  of  other  technologies  has  been  much 


1  The  Microgeneration  Certification  Scheme  is  a  quality  assurance  mechanism 
to  set  a  minimum  standard  for  microgeneration  products  and  installations. 

2  Figure  of  320,200  is  derived  by  adding  the  estimated  installations  in  2008 
(2993)  from  Element  Energy  [8]  and  the  number  of  installations  registered  with 
Ofgem  as  part  of  the  FIT  scheme  [9]  by  September  2012  (317,172).  As  the  FIT 
register  only  accounts  for  those  within  the  scheme,  this  estimation  ignores  any 
installations  not  in  the  FIT  scheme  that  were  installed  after  2008.  Consequently, 
this  may  be  an  underestimate.  See  also  Appendix  A  for  further  details. 


slower  and  the  total  contribution  of  microgeneration  is  still  low, 
meeting  less  than  0.2%  of  the  final  energy  demand  in  the  UK 
domestic  sector  (see  Appendix  A  for  the  estimation).  This  suggests 
that  there  are  significant  barriers  to  adoption  which  must  be 
reduced  or  removed  if  microgeneration  is  to  contribute  to  UK 
climate  change  targets  and  energy  security. 

In  an  attempt  to  assist  in  identifying  the  barriers  as  well  as 
motivations  for  adoption,  this  paper  reviews  and  discusses  the 
current  understanding  of  different  factors  affecting  consumers 
when  considering  installing  microgeneration  technologies.  The 
paper  also  seeks  to  identify  any  gaps  in  knowledge  about 
motivations  and  barriers,  and  makes  recommendations  for  further 
research. 

In  total,  18  relevant  studies  have  been  found  in  the  literature;  they 
are  summarised  in  Table  1.  As  can  be  seen,  the  majority  of  the  studies 
are  based  in  the  UK  and  all  except  one  0aPan)  are  in  Europe.  As  also 
indicated  in  Table  1,  a  number  of  different  methods  of  survey  and 
analysis  have  been  employed  to  elicit  attitudes  towards  microgenera¬ 
tion:  open  ended  interviews  with  qualitative  analysis;  closed  format 
questions  or  rating  scales  with  descriptive  statistical  analysis;  closed 
format  questions  with  regression  analysis;  and  environmental  valua¬ 
tion  economic  methods. 

The  next  section  reviews  motivations  and  barriers  associated 
with  microgeneration  adoption  identified  within  the  literature. 
This  is  followed  by  a  review  of  how  perceptions  of  microgenera¬ 
tion  differ  between  subgroups  of  the  UK  population  in  Section  3. 
Conclusions  and  recommendations  for  further  research  are  given 
in  Section  4. 


2.  Motivations  and  barriers 

There  are  many  consumer  motivations  and  barriers  associated 
with  microgeneration  adoption  that  have  been  cited  in  the 
literature.  They  can  be  categorised  as:  finance,  the  environment, 
security  of  supply,  uncertainty  and  trust;  inconvenience  and 
impact  on  residence.  They  are  summarised  in  Table  2  and 
discussed  below  broadly  in  the  order  of  their  relative  importance 
in  the  adoption  decision  as  identified  from  the  literature,  although 
with  the  exception  of  finance  and  environment,  there  is  little 
agreement  on  the  importance  of  different  motivations  and  bar¬ 
riers  across  the  literature.  Note  that  some  of  the  motivations  and 
barriers  in  Table  2  could  be  assigned  to  more  than  one  of  the 
categories  (e.g.  the  requirement  for  planning  permission  could 
also  be  a  financial  barrier),  but  have  been  allocated  to  the 


Table  1 

Summary  of  surveys  carried  out  related  to  attitudes  to  microgeneration. 


Author 

Year 

Location 

Sample 

Aims 

Type  of  survey 

Technologies 

considered 

Analysis 

1.  Brook 
Lyndhurst 
et  al.  [26] 

2003 

UK 

(London) 

502  London  residents 

Identifying  the  public’s  attitudes  towards  climate 
change,  renewables  and  microgeneration 

Face-to-face  interviews 

Both  open  and  closed  ended 
questions 

Solar,  wind,  CHPa 

No  information 

2.  Fischer 
[27] 

2004 

Germany 

142  fuel  cell  CHP  owners 

Identifying  the  socio-demographic  profile  of  fuel  cell 
CHP  users,  as  well  as  their  attitudes  to  energy  and 
environment  and  perceptions  of  CHP. 

Postal  survey  with  closed  ended 
questions  and  agreement  rating 
scales 

Fuel  cell  micro  CHPa 

Using  mean  average  responses  and  comparing  to  the 
general  German  public 

3.  ORC 
International 
[16] 

2004 

UK 

(London) 

601  London  residents 

Identifying  the  public’s  attitudes  towards  climate 
change,  renewables  and  microgeneration 

Telephone  interviews 

Both  open  and  closed  ended 
questions 

Solar  PV,  solar  thermal, 
wind 

Descriptive  statistics  and  cross  tabulations 

4.  Curry  et  al. 
[28] 

2006 

UK 

1056  UK  residents 

Identifying  the  public’s  attitudes  towards  climate 
change  and  renewable  energy 

Online  questionnaire  closed 
format  questions 

Solar,  wind,  biomass 

No  information 

5.  Faiers  and 
Neame  [29] 

2006 

UK 

43  UK  ‘early  adopters’  and 

350  UK  ‘early  majority’ 

Investigating  the  difference  in  attitudes  towards 
solar  thermal  and  PV  systems  between  early 
adopters  and  the  early  majority 

Kelly’s  repertory  grid  survey 
Closed  ended  questions 

0-13  agreement  scale 

Solar  thermal,  solar  PV 

Segmented  sample  by  innovation  theory  groups 

6.  Jager  [30] 

2006 

Holland 

197  Dutch  solar  PV  adopters 

Identifying  behaviour-related  motivations  to 
installing  solar  PV 

Closed  ended  questions 

Likert  agreement  scale 

Solar  PV 

Univariate  analysis  of  importance  of  motivations 
against  environmental  awareness. 

Segmentation  of  high  awareness  and  low  awareness 

7.  Keirstead 
[31] 

2007 

UK 

91  UK  solar  PV  adopters 

To  understand  factors  affecting  the  adoption  decision 
and  to  identify  whether  energy  use  behaviour 
changes  after  microgeneration  adoption 

Semi-structured  face-to-face 
interviews  and  closed-format 
posted  questionnaires 

Solar  PV 

Descriptive  statistics 

8.  Mahapatra 
and 

Gustavsson 

[32] 

9.  Goto  and 
Toshio  [33] 

2008 

Sweden 

630  and  711  (two  surveys) 
Swedish  detached 
homeowners 

Identifying  factors  affecting  homeowners’  decisions 
to  adopt  microgeneration  systems. 

Postal  survey  with  closed  ended 
questions  and  agreement  rating 
scales 

GSHPb,  biomass  boilers 

Mean  average  responses  of  agreement  scales 

2009 

Japan 

3431  Japanese  residents 

Identifying  the  most  important  factors  that  affect 
preferences  for  solar  PV  and  fuel  cell  technologies 

Closed  ended  questions 

Likert  agreement  scale 

Solar  PV,  fuel  cell 

Multivariate  regression  preferences  for  different 
microgeneration  systems  against  capital  costs, 
operating  costs,  environmental  benefit  etc. 

10.  Caird  and 
Roy  [15] 

2010 

UK 

545  adopters,  314 
considerers,  65  rejecters 

Determining  the  motivations  and  barriers  associated 
with  installing  heat  producing  microgeneration 
technologies  in  households,  UK 

Online  questionnaire  multiple 
choice  and  open  ended 
questions 

Solar  thermal,  GSHPb, 
biomass  boilers 

Descriptive  statistics  and  cross  tabulations 

11.  Claudy 
et  al.  [11] 

2010 

Republic 
of  Ireland 

1010  Irish  residents 

Defining  the  importance  of  socio-demographic 
factors  that  affect  the  awareness  of  microgeneration. 

Telephone  interview  with  closed 
ended  questions 

Solar  PV,  solar  thermal, 
wind,  CHPa,  heat  pumps, 
biomass  boilers 

Regression  of  awareness  on  demographic  information 

12.  Scarpa 
and  Willis 
[13] 

2010 

UK 

1279  UK  homeowners 

Estimating  the  WTPC  for  different  microgeneration 
technologies  and  the  influence  of  perceptions  on 
WTPC 

Choice  experiment 

Solar  PV,  solar  thermal, 
wind 

Various  logit  models  to  regress  the  decision  to  adopt 
microgeneration  against  capital  costs,  maintenance 
bill,  energy  costs,  inconvenience  etc 

13.  Sopha 
et  al.  [34] 

2010 

Norway 

649  Norwegian  homeowners 

Identifying  factors  that  affect  the  decision  to  switch 
to  wood  pellet  boilers  and  heat  pumps  from  electric 
heating 

Postal  survey,  closed  ended 
questions  with  multiple  choice 
and  Likert  agreement  scale 
ratings 

ASHPd,  biomass  boilers 

Regression  of  choice  of  heating  system  against  socio¬ 
demographics  and  various  product-  and  choice-related 
factors 

14.  Warren 
[35] 

2010 

UK 

(Camden, 

London) 

17  small-sized  companies 

Determining  the  motivations  and  barriers  associated 
with  installing  microgeneration  technologies  in 
commercial  buildings  in  Camden,  UK 

Semi-structured  face-to-face 
open  ended  interviews 

Solar  PV,  solar  thermal, 
wind,  CHPa,  biomass 
boilers,  ASHPd,  GSHPb 

Qualitative 

15.  Palm  and 

Tengvard 

[36] 

2011 

Sweden 

20  Swedish  homeowners: 

9  adopters,  8  considerers, 

3  rejecters 

Determining  the  motivations  and  barriers  associated 
with  installing  solar  PV  and  wind  systems  in  Swedish 
households 

Half  face-to-face  and  half 
telephone  interviews 

Open  ended  questions 

Solar  PV,  wind 

Qualitative 

16.  Claudy 
et  al.  [37] 

2011 

Republic 
of  Ireland 

1012  Republic  of  Ireland 
homeowners 

Estimating  the  WTPC  for  different  microgeneration 
technologies  and  the  importance  of  different  factors 
in  the  adopting  decision 

Contingent  valuation  method 

Solar  PV,  solar  thermal, 
wind,  biomass  boilers 

Bivariate  probit  model  to  regress  the  decision  to  adopt 
against  various  ‘innovation  theory’  factors 

17.  Consumer 
Focus  [38] 

2011 

UK 

1223  UK  residents  (and  2655 
UK  residents  for  the 
microgeneration  experience 
survey) 

Identifying  attitudes  towards,  microgeneration  in 
terms  of  adoption  and  experience,  and  developing  a 
profile  of  those  at  different  stages  of  consideration 

Focus  group  discussion  (12), 
face-to-face  interviews  (40)  and 
online  questionnaires  (1223) 

Solar  PV,  solar  thermal, 
wind,  CHPa,  hydro, 
biomass  boilers,  heat 
pumps 

Descriptive  statistics 

18.  Leenheer 
[39] 

2011 

Holland 

2047  Dutch  residents 

Defining  the  factors  that  affect  the  motivation  to 
install  microgeneration 

Closed  ended  questions 

Likert  agreement  scale 

Any  electricity 
microgeneration 

Descriptive  statistics  and  a  multivariate  regression  of 
the  intention  to  adopt  against  environmental  concern 
and  independence  from  centralised  energy  generation 

a  CHP:  Combined  heat  and  power. 
b  GSHP:  Ground-source  heat  pumps. 
c  WTP:  Willingness  to  pay. 
d  ASHP:  Air-source  heat  pumps. 
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Table  2 

Summary  of  motivations  and  barriers  associated  with  adopting  microgeneration  as  found  in  literature. 


Motivation 

Barrier 

Financial 

-  Save  or  earn  money  from  lower  fuel  bills  and  government  incentives 

-  Increase  the  value  of  my  home 

-  Costs  too  much  to  buy/install 

-  Cannot  earn  enough/save  enough  money 

-  Lose  money  if  I  moved  home 

-  High  maintenance  costs 

Environmental 

-  Help  improve  the  environment 

-  Environmental  benefits  too  small 

Security  of  supply 

-  Protect  against  future  higher  energy  costs 

-  Make  the  household  more  self  sufficient/less  dependent  on  utility 
companies 

-  Protect  the  household  against  power  cuts 

-  Would  not  make  me  much  more  self  sufficient/ 
independent 

Uncertainty  and 
trust 

-  Use  an  innovative/high-tech  system 

-  Home/location  not  suitable 

-  System  performance  or  reliability  not  good  enough 

-  Energy  not  available  when  I  need  it 

-  Hard  to  find  trustworthy  information/advice 

-  Hard  to  find  any  information/advice 

-  Hard  to  find  trustworthy  builders  to  install 

Inconvenience 

None  identified 

-  Hassle  of  installation 

-  Disruption  or  hassle  of  operation 

-  Potential  requirement  for  planning  permission 

Impact  on  residence 

-  Improve  the  feeling  or  atmosphere  within  my  home 

-  Show  my  environmental  commitment  to  others 

-  Take  up  too  much  space 

-  The  installation  might  damage  my  home 

-  Would  not  look  good 

-  Neighbour  disapproval/annoyance 

category  to  which  they  are  most-closely  related.  These  are 
discussed  below. 


2.3.  Finance 

It  is  well  recognised  that  costs  are  the  largest  barrier  to 
microgeneration  adoption  (e.g.  [10-14]).  Capital  costs  are  too 
high  for  the  majority  of  potential  adopters  and  the  payback  times 
are  too  long  to  warrant  the  large  investment  [13].  For  example, 
Caird  and  Roy  [15]  found  in  an  online  survey  of  microgeneration 
‘adopters’  (545),  ‘considerers’3  (314)  and  ‘rejecters’  (65)  that  the 
most  frequently  cited  barriers  to  installing  microgeneration 
systems  were  all  related  to  costs:  capital  costs  (86%  of  the 
respondents),  long  payback  time  (68%)  and  lack  of  grants  (60%). 
A  survey  of  601  London  home-owners  by  ORC  International  also 
found  capital  costs  to  be  the  most  important  barrier  while 
assistance  with  costs  was  the  most  cited  motivation  (by  over 
75%  of  respondents)  [16]. 

Since  2004,  there  has  been  a  VAT  reduction  to  5%  on  micro¬ 
generation  products  to  reduce  capital  costs  [41].  However,  for 
microgeneration  technologies  besides  solar  PV  and  solar  thermal, 
there  is  still  a  significant  gap  between  consumers’  willingness  to 
pay  (WTP)  and  capital  costs  [13,37].  This  is  shown  in  Table  3, 
which  indicates  that  the  only  technology  for  which  the  mean  WTP 
was  equivalent  to  the  capital  costs  was  solar  thermal.  This  is  not 
surprising  as  the  total  number  of  solar  thermal  panels  at  the  time 
these  surveys  were  carried  out  (2007  and  2009)  far  outweighed 
other  technologies:  90,000  units  compared  to  around  3000  solar 
PV  installations  and  less  than  5000  of  other  technology  types  [17] 
(Fig.  1).  This  has  resulted  in  low  demand  for  microgeneration 


3  Considerers  were  defined  within  the  study  as  those  considering  the 
purchase  of  a  microgeneration  system  and  rejecters  as  those  that  considered  but 
decided  against  purchasing. 


Table  3 

Comparison  of  capital  costs  and  consumer  willingness  to  pay  (WTP). 


Type 

Levelised 

cost 

(£/kW)a 

Levelised 
mean  WTPb 
(£/kW) 

Acceptable 
payback  time 
(yrs) 

Year 

Source 

Solar  PV  (2  kW) 

5319 

1416 

N/A 

2007 

[13] 

Solar  PV  (3  kW) 

6383 

2069 

9 

2009 

[37] 

Wind  (1  kW) 

4998 

1288 

N/A 

2007 

[13] 

Wind  (5  kW) 

5830 

1685 

11 

2009 

[37] 

Solar  thermal0 

1575 

1920 

12 

2009 

[37] 

Solar  thermal 
(2  kWth) 

1952 

1452 

N/A 

2007 

[13] 

Biomass  boiler 
(wood  pellets)0 

1000 

489 

7 

2009 

[37] 

a  Costs  as  cited  by  the  relevant  study. 
b  WTP:  Willingness  to  pay. 

c  The  size  and  capacity  of  the  system  was  not  stated  within  the  study.  UK 
average  peak  capacities  of  2  kW  for  solar  thermal  and  1 1  kW  for  biomass  boiler 
have  been  used  as  in  [13]  and  [40], 


technologies,  hindering  market  development  and  preventing  cost 
reductions  associated  with  a  maturing  market  [18]. 

However,  UK  demand  for  solar  PV  has  significantly  increased 
since  2007  and  2009  when  these  two  studies  were  carried  out  and 
is  now  the  dominant  technology  in  terms  of  number  of  installa¬ 
tions  (see  Fig.  1  and  Appendix  A).  The  main  cause  of  this  shift  is 
the  introduction  of  the  FIT  scheme  in  2010  which  has  led  to 
reduced  consumer  prices  owing  to  a  maturing  solar  PV  market 
and  consequently  increased  consumers’  WTP.  For  example,  as 
indicated  in  Fig.  2,  UK  installed  levelised  costs  before  the  FIT  were 
around  £7000/kWp  and  by  2012  they  were  almost  four  times 
lower,  down  to  about  £2000/kWp  [19-24].  These  cost  reductions 
have,  in  turn,  led  the  UK  government  to  reduce  the  FIT  rates  by 
half  for  solar  PV  (from  45  to  21  p/kWh)  from  2012,  whilst  for  the 
other  technologies  the  rates  have  remained  unchanged  [25]. 
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♦  CompareMySolar  [20]  ■  DECC  [25]  (2.6  kWp  retrofit) 

▲  Parsons  Brinckerhoff  [23]  (2.6  kWp)  •  Vaughan  [22]  (4  kWp) 

■  Gardiner  et  al.  [19]  (2.5  kWp) 


2006  2006  2007  2008  2008  2009  2009  2010  2010  2011  2011  2012  2012 


Fig.  2.  Decrease  in  capital  costs  of  solar  PV  installations  in  the  UK  from  2006  to  2012  (£/kWp).  [Actual  prices  shown,  not  adjusted  for  inflation.] 


There  is  a  clear  financial  trade-off  between  capital  costs  and 
the  motivation  to  save  or  earn  money  from  lower  fuel  bills  and  FIT 
incentives,  often  represented  as  payback  time.  Prior  to  the 
introduction  of  FIT,  payback  times  were  too  long  for  most 
consumers:  15-18  years  for  wind  turbines,  8-53  years  for  solar 
thermal  [41,42]  and  35-58  years  for  solar  PV  [41,43],  In  compar¬ 
ison,  [37]  estimated  mean  payback  times  that  were  acceptable  to 
potential  adopters  as  nine  years  for  solar  PV,  1 1  years  for  wind 
and  12  years  for  solar  thermal  (see  Table  3).  Scarpa  and  Willis  [13] 
estimated  an  aggregated  acceptable  payback  time  as  3-5  years 
across  the  three  microgeneration  products  considered.  This  gap 
between  acceptable  and  expected  payback  times  has  been  sig¬ 
nificantly  reduced  for  some  technologies  due  to  the  introduction 
of  FIT  as  well  as  increasing  electricity  and  gas  prices  and  reduced 
capital  costs,  which  are  discussed  in  Section  4.  For  example,  one 
study  estimated  a  payback  time  of  11  years  for  solar  PV  [6]  which 
is  much  closer  to  the  estimated  acceptable  payback  time  (see 
Table  3).  FIT  payments  have  clearly  increased  demand  for  micro¬ 
generation,  evident  from  the  increase  in  uptake  as  well  as  a 
survey  cited  within  the  UK  Microgeneration  Strategy,  stating  that 
40%  of  those  who  were  considering  adoption  said  they  would  not 
consider  it  without  the  FIT  incentives  [7[. 

Another  frequently  cited  cost-related  barrier  is  concern  about  the 
resale  value  of  the  home.  The  ORC  International  study  found  that 
many4  respondents  expressed  concern  that  potential  future  house 
buyers  would  be  put  off  by  a  microgeneration  installation  which 
could  lead  to  a  decrease  in  house  price.  Faiers  and  Neame  [29]  also 
investigated  whether  potential  adopters  thought  microgeneration 
would  be  a  positive  influence  on  house  sales,  but  suggested  that  this 
was  not  an  important  issue  in  the  decision  to  adopt. 

There  is  limited  evidence  as  to  the  effect  of  solar  PV 
installations  on  house  prices.  Two  studies  from  the  USA  find  that 
house  prices  tend  to  increase  almost  proportionally  to  the 
installation  costs  [44,45].  However,  only  one  UK  study  was  found 
[46],  conducted  prior  to  the  introduction  of  FIT  in  2010,  which 
reported  a  negligible  positive  increase  in  house  value  associated 
with  solar  PV  installation.  There  are  also  a  number  of  articles  on 
the  subject  (e.g.  [47-50]),  which  provide  conflicting  conclusions. 
Thus,  the  impact  on  property  value  is  very  much  unclear,  adding 
to  confusion  and  most  likely  posing  an  additional  barrier  to 
potential  adopters,  especially  those  who  consider  themselves 
more  likely  to  want  to  resell  (or  remortgage)  their  property  in 
the  short  to  medium  term. 


4  The  number  of  respondents  was  not  specified  within  the  report. 


As  with  capital  costs  and  operational  savings,  potential  adop¬ 
ters  may  also  consider  a  trade-off  between  capital  costs  and 
environmental  benefits  in  their  adoption  decision.  This  is  sug¬ 
gested  by  studies  conducted  by  Brook  Lyndhurst  et  al.  [26]  and 
Curry  et  al.  [28].  In  the  former  study,  respondents  were  asked  to 
‘leave  aside  cost’  whilst  considering  installing  solar  thermal  or 
solar  PV.  On  this  basis,  23%  of  households  were  ‘very  likely’  to 
consider  it,  with  another  34%  ‘fairly  likely'.  When  presented  with 
the  cost  implications,  support  fell  to  4%  (‘very  likely’)  and  70%  said 
they  were  ‘certain  not  to’  install.  Similarly,  Curry  et  al.  [28]  found 
that  there  was  less  support  for  renewable  energy  to  help  mitigate 
against  climate  change  when  supporters  were  made  aware  of 
associated  costs,  which  prompted  a  small  shift  in  support  of 
nuclear  energy.  These  two  surveys  demonstrate  how  capital  costs 
can  counter  other  motivations  to  install  microgeneration  such  as 
operational  savings,  or  the  perceived  benefit  to  the  environment. 
The  latter  is  discussed  next. 

2.2.  Environment 

Along  with  economic  costs,  environmental  benefit  appears  to  be  a 
significant  factor  in  the  decision  to  install  microgeneration  [11,39], 
Microgeneration  is  generally  perceived  to  be  environmentally 
friendly,  perhaps  by  its  very  definition  as  a  ‘low-carbon  source’  of 
energy.  Some  of  the  potential  adopters  are  driven  by  the  desire  to 
reduce  GHG  emissions  and  most  believe  microgeneration  will  help 
achieve  it.  For  example,  ‘reducing  carbon  dioxide  emissions’  was 
ranked  as  the  most  important  motive  for  purchasing  a  system  within 
the  Caird  and  Roy  study  [15]  and  was  considered  an  important  factor 
in  the  adoption  decision  in  a  study  of  Dutch  households  by  Leenheer 
et  al.  [39]. 

Although  for  many  there  is  a  desire  to  be  more  environmen¬ 
tally  friendly  [28],  a  number  of  studies  suggest  that  this  desire 
does  not  translate  into  a  willingness  to  pay  extra  for  it  [11,51,52]. 
Many  adopters  might  be  environmentally  aware,  but  will  make  a 
purchase  decision  based  on  cost  and  factors  other  than  environ¬ 
mental  benefit  [52,53].  For  instance,  Wimberly  [52]  surveyed  the 
American  public  on  their  perceptions  of  energy  efficiency  and 
renewable  energy  and  found  that  the  sample  placed  much  more 
importance  on  saving  money  than  on  reducing  their  environ¬ 
mental  impact.  Another  study  [54]  highlights  the  sample’s 
unwillingness  to  reduce  their  environmental  impact:  “It  is 
almost  as  if  consumers  are  holding  their  noses  to  take  medicine 
they  perceive  to  taste  awful  but  is  necessary  to  bring  the  fever 
down”  [54]. 

Microgeneration  technologies  may  be  perceived  by  the  public 
as  low-carbon,  but  there  are  other  associated  environmental 
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impacts  that  may  be  viewed  differently.  For  example,  a  study  of 
49  Norwegian  residents  found  that  some  respondents  thought  air 
source  heat  pumps  would  produce  more  indoor  air  pollution 
owing  to  assumed  dust  recirculation  from  a  heat  pump  [34]. 
Warren  [35]  also  noted  that  participants  raised  concerns  over  the 
impact  of  biomass  boilers  on  air  quality.  This  study  of  17  small 
businesses  in  Camden,  London,  also  found  environmental  benefit 
and  promoting  a  ‘green’  image  for  the  company  to  be  important 
motivations  for  installing  microgeneration  technologies  [35]. 

Promoting  a  ‘green’  image  by  installing  a  publicly  visible 
system  such  as  solar  panels  or  a  wind  turbine  is  also  a  motive 
for  some  residential  consumers  [15,36].  Palm  and  Tengvard  [36] 
surveyed  Swedish  households  considering  the  purchase  of  a  ‘DIY 
install’5  microgeneration  system.  The  study  investigated  motiva¬ 
tions  and  barriers  associated  with  purchasing  these  products  for 
respondents  at  different  stages  of  their  decision  using  20  semi- 
structured  inductive  interviews.  As  well  as  being  able  to  visibly 
demonstrate  environmental  commitment,  another  significant 
motivation  was  ‘to  set  an  example  for  others’  [36].  Those  who 
are  motivated  to  visibly  demonstrate  their  environmental  com¬ 
mitment  may  want  to  identify  themselves  with  a  low-carbon, 
‘green’  image,  to  use  microgeneration  to  send  an  environmentally 
friendly  message  to  others  [30,55].  Fischer  and  Sauter  [56] 
suggest  that  installing  solar  PV,  in  particular,  is  a  clear  socio¬ 
political  statement,  one  that  appeals  to  those  with  “green  political 
orientation  and  postmaterialist  values”. 

As  well  as  reducing  GHG  emissions  and  creating  a  ‘green’ 
image,  some  potential  adopters  are  also  motivated  by  the  desire 
to  use  a  low-carbon,  innovative  technology.  Caird  and  Roy  [15] 
found  when  existing  adopters  and  considerers  were  asked  what 
drove  them  to  consider  microgeneration  that  a  fifth  of  the  sample 
(sample  size  N=  859)  stated  that  they  wanted  to  use  innovative, 
pioneering  low-carbon  technology  and  a  fifth  either  worked  in  a 
field  relating  to  energy,  environment  or  technology,  or  it  was  a 
personal  interest  of  theirs.  Fischer  [27]  and  Leenheer  et  al.  [39] 
also  suggest  that  those  who  have  an  affinity  for  technology 
are  more  likely  to  want  to  generate  their  own  energy  using 
microgeneration. 

2.3.  Security  of  supply 

The  issue  of  independence  or  security  of  supply  in  the  adop¬ 
tion  decision  encapsulates  the  motivation  for  increased  energy 
self-sufficiency,  being  able  to  reduce  reliance  on  the  gas  or 
electricity  grid  and  being  less  susceptible  to  future  energy  price 
increases  [11,30,33,36,39,57],  Praetorius  [58]  suggests  that  con¬ 
sumers  are  motivated  to  guard  against  fuel  bill  increases  owing  to 
an  increase  of  45%  in  UK  electricity  and  71%  in  gas  bills  from  2003 
to  2007,  which  has  lead  to  increased  public  interest  in  micro¬ 
generation.  Leenheer  et  al.  [39]  identified  the  desire  within  the 
sample  to  generate  own  power  as  important  in  the  decision  to 
adopt  microgeneration.  However,  there  was  significant  focus 
within  this  survey  of  Dutch  households  on  the  risk  of  power 
outages,  which  has  not  been  considered  in  any  UK  based  research, 
so  it  is  not  clear  if  this  would  be  as  relevant  to  the  UK  public. 

Jager  [30]  also  found  that  independence  from  centralised 
energy  generation  was  an  important  motivation  to  adopt  solar 
PV  systems.  A  survey  of  197  Dutch  households  with  solar  PV 
systems  found  that  increased  independence  was  a  greater  moti¬ 
vation  for  those  with  higher  environmental  awareness.  In  other 
words,  the  study  identified  a  segment  of  the  population  who 


5  'DIY  install’  microgeneration  products  are  designed  to  be  installed,  set  up 
and  connected  by  anyone,  without  the  need  for  expert  installers  (solar  PV  and 
wind  were  considered  in  the  study). 


identify  themselves  as  environmentally  aware  and  desiring  self- 
sufficiency.  Palm  and  Tengvard  [36]  also  suggest  that  this  motiva¬ 
tion  is  linked  to  a  desired  environmentally-benign,  self-sufficient 
identity,  which  is  perhaps  similar  to  the  environmentally-friendly 
image  mentioned  in  Section  2.2. 

2.4.  Uncertainty  and  trust 

A  frequently  cited  barrier  to  installing  microgeneration  sys¬ 
tems  relates  to  a  lack  of  confidence  that  the  system  will  perform 
as  desired.  Whilst  some  studies  suggest  potential  adopters  are 
motivated  to  install  by  confidence  in  performance  and  reliability 
(e.g.  [15]),  many  studies  cite  barriers  such  as  performance 
uncertainties  [15,16,26,59],  uncertain  payback  on  investment 
[13,15],  uncertainty  over  the  reliability,  or  even  lack,  of  general 
and  technical  information,  and  uncertainty  over  the  potential 
benefits  of  microgeneration  [16,60]. 

Performance  and  reliability  uncertainties  were  significant  barriers 
to  adoption  to  58%  of  rejecters  within  the  Caird  and  Roy  study  [15]. 
This  uncertainty  also  features  within  the  Microgeneration  Strategy 
[7],  which  suggests  that  those  who  have  not  yet  considered  adoption 
lack  confidence  in  the  technologies  as  well  as  the  suitability  of  their 
homes  and  suggest  that  this  is  an  information-related  barrier.  This 
barrier  develops  as  most  consumers  begin  an  initial  investigation  into 
microgeneration  on  the  internet,  where  it  may  be  difficult  to  find 
information  they  trust  [7[. 

The  lack  of  trust  in  the  performance  and  reliability  of  micro¬ 
generation  systems  has  been  identified  in  many  studies  [16,61]. 
The  ORC  International  study  also  found  that  there  was  a  lack  of 
awareness  of  information  and  advice  centres:  only  35%  knew  that 
there  were  energy  advice  centres  and  many  respondents  called 
for  more  product-specific  information  [16].  Owing  to  the  rela¬ 
tively  low  number  of  microgeneration  installations  in  the  UK  with 
the  exception  of  solar  PV,  perhaps  there  is  a  lack  of  visible 
examples  of  microgeneration  systems  in  the  public  eye,  contri¬ 
buting  to  the  lack  of  awareness,  confidence  and  high  degree  of 
scepticism  in  the  technologies  [60].  This  is  corroborated  by  Caird 
and  Roy  [15]  who  found  that  potential  adopters  wanted  to  see 
examples  of  microgeneration  systems  on  local  residences  and 
public  buildings.  Similarly,  Scarpa  and  Willis  [13]  found  that 
positive  perceptions  or  advice  from  friends  or  trusted  experts 
increased  willingness  to  purchase  microgeneration  (shown  by  an 
increase  in  WTP  of  £263  with  advice  from  a  heating  engineer). 

However,  the  difficulty  in  finding  a  trusted  expert  also  repre¬ 
sents  a  barrier  to  adoption  [7].  The  government  Microgeneration 
Strategy  suggests  that  potential  adopters  fear  that  advice  from 
installers  will  not  be  impartial,  regardless  of  whether  they  are 
approved  by  the  Microgeneration  Certification  Scheme  or  not  [7]. 

2.5.  Inconvenience 

As  well  as  finding  an  appropriate  installer,  the  inconvenience 
of  major  modifications  to  heating  or  electrical  systems,  or  to  the 
roof  or  garden  during  installation,  is  also  a  significant  barrier  to 
adoption  [13-16].  For  example,  installing  a  residential  GSHP  may 
require  the  garden  to  be  dug  up  to  install  a  ground  heating  loop 
(further  discussed  in  Section  2.6).  Warren’s  [35]  research  with 
potential  adopters  for  non-domestic  buildings  found  that  there 
was  most  interest  in  CHP  systems  due  to  the  similarity  with 
existing  boiler  systems  and  the  fact  that  it  could  be  a  replacement 
rather  than  an  additional  system.  However,  initial  awareness  of 
the  technology  was  low,  supporting  the  suggestion  that  there  is 
an  information-related  barrier  as  discussed  in  Section  2.4. 

Additionally,  the  perceived  difference  in  the  day-to-day  use  of  a 
microgeneration  system  compared  to  an  existing  system  is  a  factor  in 
the  adoption  decision.  Many  potential  adopters  are  put  off  by 
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inconveniences  such  as  a  greater  space  requirement,  refuelling  (e.g. 
wood  pellet  boilers)  and  modifications  to  the  garden  [13]. 

A  perceived  increase  in  maintenance  and  the  complexity 
associated  with  a  system  change  is  also  a  barrier  to  adoption. 
Element  Energy  [17]  found  that  respondents,  of  which  the 
majority  were  already  considering  installing  microgeneration, 
were  willing  to  pay  an  average  £6  in  upfront  cost  to  negate  every 
£1  of  annual  maintenance  cost  for  heating  systems.  With  solar  PV, 
solar  thermal  and  wind,  this  WTP  rose  to  around  £10,  perhaps  due 
to  perceived  complexity  or  ‘the  unknown'  nature  of  these  tech¬ 
nologies.  The  NHBC  Foundation  [3]  stresses  the  need  for  the 
industry  to  minimise  additional  service  and  maintenance  respon¬ 
sibilities  for  the  adopter  and  reduce  the  need  for  system  inter¬ 
vention,  such  as  refuelling,  as  much  as  possible.  There  are  a 
number  of  warranties  and  insurances  offered  by  suppliers  and  the 
REAL  Assurance  Scheme  Code,  an  accreditation  scheme  for  sup¬ 
pliers,  stipulates  a  requirement  for  basic  information  on  the 
warranties  that  are  offered  [7].  However,  at  present  there  is  no 
drive  from  the  government  to  regulate  service  and  maintenance 
contracts  with  suppliers  that  may  ease  fears  amongst  consumers. 
The  Microgeneration  Certification  Scheme  regulates  the  quality  of 
the  product  and  installation,  but  there  is  no  regulation  of  post¬ 
installation  servicing  or  product  care.  The  government  have 
recognised  the  need  to  tackle  this  barrier  of  increased  mainte¬ 
nance  but  have  tasked  the  industry  to  provide  assurances  to 
consumers  instead  of  providing  regulation  or  direction  [7], 

Additionally,  a  barrier  to  adopting  microgeneration  may  sim¬ 
ply  be  that  households  are  generally  content  with  their  existing 
system  and  thus  see  the  replacement  of  their  system  as  a  low 
priority  since  there  is  not  enough  perceived  relative  advan¬ 
tage  [17],  Claudy  et  al.  [11]  define  microgeneration  as  a  ‘resistant 
innovation’,  since  increased  uptake  requires  potential  adopters  to 
alter  significantly  their  daily  routines  and  traditions,  which 
represents  an  inconvenience.  Alternatively,  this  barrier  could  be 
negligible  for  those  who  are  already  planning  home  modifications 
[15,31,38].  Combining  a  microgeneration  installation  with  other 
house  modifications  also  tends  to  reduce  costs;  for  example, 
fitting  solar  panels  at  the  same  time  as  roof  modifications  means 
the  same  scaffolding  could  be  used,  reducing  a  significant  cost. 

2.6.  Impact  on  residence 

Some  microgeneration  technologies  use  a  significant  amount 
of  space  within  the  home  which  is  a  barrier  for  some  potential 
adopters  [13,15,26].  The  value  of  space  is  often  significant,  but 
will  vary  across  different  population  groups  as  well  as  locations. 
Those  living  in  a  city,  for  example,  where  space  is  at  a  premium, 
may  not  be  able  to  even  consider  a  technology  such  as  a  GSHP, 
where  horizontally-laid  heating  loops  in  particular  require  a  lot  of 
space.  This  was  also  confirmed  by  a  study  with  owners  and 
managers  of  offices  within  high-rise  buildings  [35],  where  floor 
space  is  valued  highly.  Respondents  were  generally  of  the  opinion 


that  GSHPs  were  not  practicable,  with  not  enough  space  for 
horizontal  heating  loops  and  vertical  loops  were  unlikely  to  be 
allowed  due  to  underground  utility  lines  and  the  underground 
tube  system. 

New-build  housing  which  allows  for,  or  already  has  fitted, 
microgeneration  would  eliminate  the  space  issue.  For  this  reason, 
legislation  for  new  developments  will  begin  phasing  into  building 
regulations  the  requirement  for  efficient  energy  use  and  connec¬ 
tion  to  either  household  microgeneration  systems  or  to  small, 
low-carbon  distribution  networks  [62].  The  zero-carbon  homes  policy 
requires  all  new  homes  to  be  built  with  a  high-energy  efficiency 
rating  and  access  to  a  low-carbon  fuel  source  by  2016  [63].  However, 
the  retrofitting  of  existing  homes,  of  which  there  are  over  25  million, 
will  remain  an  issue  and  may  reduce  significantly  the  microgenera¬ 
tion  options  available  for  those  households. 

Another  frequently  cited  barrier  to  installation  is  concern 
about  disapproval  of  neighbours  regarding  the  aesthetics  of 
microgeneration  installations  [16].  Palm  and  Tengvard  [36]  also 
found  that  fear  of  neighbour  disapproval  is  a  barrier  to  adoption. 
This  may  be  particularly  important  for  wind  turbine  installations 
due  to  the  social  stigma  associated  with  their  aesthetics  [64].  This 
barrier  seems  to  be  in  contrast  to  the  ‘demonstrating  environ¬ 
mental  commitment’  motive  (Section  2.2). 

In  summary,  as  discussed  in  this  section,  there  are  many 
factors  that  affect  the  decision  to  install  microgeneration.  Addi¬ 
tionally,  there  are  some  significant  differences  in  the  attitudes 
across  the  UK  population,  with  many  of  these  factors  being 
barriers  for  some  people,  but  motivations  for  others.  The  follow¬ 
ing  section  reviews  these  differences  in  perceptions  among 
different  societal  groups. 

3.  Differing  perceptions  within  subgroups  of  the  UK 
population 

A  number  of  studies  have  attempted  to  find  correlations 
between  differing  perceptions  of  microgeneration  and  the  char¬ 
acteristics  of  the  person,  the  household  in  which  they  reside  or 
their  experience  of  microgeneration  (whether  they  are  adopters, 
considerers  or  rejecters).  This  section  gives  an  overview  of  current 
understanding  of  these  differing  perceptions  and  suggests  reasons 
as  to  why  demand  is  higher  for  some  groups  than  others  and  what 
policies  might  improve  microgeneration  uptake  among  those  who 
have  not  installed.  A  summary  of  the  demographic  factors  and 
the  expected  correlation  with  the  likelihood  of  adoption  is  given 
in  Table  4. 

3.1.  Age 

It  has  been  found  in  a  number  of  studies  that  attitudes  towards 
microgeneration  differ  across  age  groups  [32,38,39,65,66],  The 
number  of  microgeneration  installations  is  lower  amongst  those 


Table  4 

Correlations  between  several  demographic  factors  and  likelihood  of  adoption. 


Demographic 

Correlation  with  adoption 

Source 

Age 

Inverted  ‘u’  shaped  correlation  OR  increase  of  adoption  with  age  until  65,  with  a  sharp  decrease 
afterwards  OR  decrease  of  adoption  with  age 

[11,32,66] 

Household  size 

Increases  with  size 

[15,31] 

Homeowners/tenants 

Almost  all  adoption  is  by  homeowners 

[31,56] 

Family  size 

No  correlation  found 

[16] 

Social  class 

Upper-middle  class  most  likely  to  adopt 

[16,68,65] 

Income 

Adoption  increases  with  income  OR  middle  income  most  likely  to  adopt 

[31,34] 

Education 

Adoption  increases  with  education 

[31,56] 
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Fig.  3.  The  percentage  of  each  age  category  associated  with  different  consideration  stages  [38], 


who  are  below  45  [16,65]  and  those  above  65  years  old 
[39,65,66].  This  correlation  has  been  found  in  several  studies, 
where  45-64  year  olds  are  either  the  most  commonly  aware  of 
microgeneration  [11],  have  a  more  positive  attitude  towards  it 
[65],  or  are  the  age  group  most  likely  to  install  [32,56],  Older  age 
groups  are  less  inclined  to  adopt  new  technologies  such  as 
microgeneration  [34,66],  exhibiting  a  greater  resistance  if  they 
have  been  using  their  existing  system  for  many  years  [32].  This  is 
perhaps  due  to  the  security  of  knowing  that  the  existing  system 
works,  combined  with  the  uncertainty  of  a  new,  untried,  system 
(see  Section  2.5).  Willis  et  al.  [66]  find  there  is  even  ‘disutility'  for 
adopting  microgeneration  with  over  65  year  olds,  suggesting  that 
this  age  group  would  actually  pay  not  to  install  microgeneration. 
They  also  find  that  there  is  a  discontinuous  relationship  where 
adoption  increases  with  age  until  retirement  after  which  there  is 
a  significant  drop  in  uptake. 

The  cause  of  the  reduced  number  of  installations  amongst  over 
65  year  olds  could  be  due  to  their  different  financial  position.  The 
trade-off  between  high  capital  costs  and  fuel  savings/FIT  incen¬ 
tives,  described  in  Section  2.1,  is  perhaps  particularly  relevant  for 
retired  households.  In  terms  of  capital  costs,  pensioners  are  likely 
to  have  lower  incomes  than  before  retirement,  which  may  reduce 
their  willingness  to  invest  in  costly  microgeneration.  Conversely, 
it  is  suggested  by  Faiers  and  Neame  [29]  that  the  decrease  in 
income  owing  to  retirement  may  drive  a  desire  for  future  fuel 
savings,  to  economise  on  expenditure,  which  makes  an  invest¬ 
ment  that  reduces  fuel  bills  more  attractive.  Willis  et  al.  [66], 
however,  find  that  pensioners  are  actually  less  sensitive  to  change 
in  fuel  bills.  This  could  be  because  pensioners  are  concerned 
about  depleting  their  capital  savings,  whilst  being  less  affected  by 
rising  energy  costs  [66]  owing  to  Winter  Fuel  Payments  for 
pensioners  in  the  UK  [67]. 

The  visible  increase  in  microgeneration  installations  up  to 
retirement  age  indicates  that  there  are  fewer,  or  perhaps 
reduced,  barriers  to  adoption  for  older  working  households.  This 
may  be  due  to  higher  incomes  amongst  older  working  house¬ 
holds  (see  Section  3.3)  or  simply  that  there  are  more  home 
owners  aged  45-65  than  younger  age  groups  (see  Section  3.2). 
Additionally,  there  may  be  more  of  a  financial  motive  to  install  in 
this  age  group  who  have  the  capital  to  invest,  rather  than  younger 
age  groups  who  are  more  environmentally  aware  [16]  but  may  not 
have  the  capital. 

Other  studies  suggest  different  correlations  between  age  and 
microgeneration  adoption.  Surveys  of  Swedish  home  owners  in 
2004  and  2007  revealed  the  number  planning  to  adopt  micro¬ 
generation,  particularly  pellet  boilers  and  heat  pumps,  decreased 


with  age,  with  the  exception  of  those  aged  36-45,  who  were 
most  likely  to  install  [32],  Keirstead’s  [31]  study  of  91  solar  PV 
owners  revealed  the  adopters  to  be  generally  older,  with  92% 
being  over  45.  However,  there  was  no  breakdown  of  ages  within 
the  over  45  age  group,  which  limits  the  interpretability  of  this 
finding. 

Consumer  Focus  [38]  also  conducted  a  survey  of  the  UK 
population,  which  identified  variation  in  age  groups  at  different 
stages  of  microgeneration  adoption.  Their  results  are  displayed  in 
Fig.  3  which  shows  the  percentage  of  each  age  group  considered 
that  lies  within  each  consideration  stage  of  the  process  of 
adopting  microgeneration.  The  stages  included  were  pre-consid¬ 
eration,  consideration,  preparation  and  adoption.  The  graph 
indicates  two  clear  relationships  at  either  end  of  the  age  spec¬ 
trum.  Higher  proportions  of  over  65  year  olds  are  at  the  ends  of 
the  consideration  scale,  i.e.  either  they  have  not  considered 
installing  or  they  have  installed.  Conversely,  higher  proportions 
of  the  under  35  year  olds  are  in  one  of  the  considering  stages,  i.e. 
either  consideration  or  preparation.  Both  the  age  groups  adjacent 
to  these,  the  55-64  and  the  35-44,  exhibit  a  similar  relationship 
to  their  age-group  neighbour,  with  the  difference  between  con¬ 
sideration  stages  slightly  less  noticeable. 

The  fact  that  the  older  age  groups  mostly  lie  within  the  pre¬ 
consideration  stage  or  the  installed  stage  perhaps  shows  that  they 
are  either  unaware  or  simply  content  with  their  existing  system 
(pre-consideration),  or  have  discovered  that  microgeneration  is 
suitable  for  them  (installed)  and  have  experienced  fewer  barriers 
to  adoption  (e.g.  cost  or  suitability  to  home).  The  younger  age 
groups  mostly  lie  within  the  central  consideration  stages,  indicat¬ 
ing  higher  awareness  but  that  perhaps  other  barriers,  such  as  cost, 
prevent  them  from  installing. 

To  summarise,  whilst  there  are  a  number  of  suggested  correla¬ 
tions  for  the  relationship  between  age  and  adoption,  there  is  no 
agreement  in  literature.  It  is  likely  that  this  relationship  is  not 
straightforward  and  that  there  is  a  complex  interplay  of  a  range  of 
causal  factors,  including  house  size,  whether  they  own  their 
residence,  the  level  of  available  capital  for  investment,  the  size 
of  house  or  family,  or  the  suitability  of  use  of  microgeneration 
within  a  particular  home.  These  aspects  are  discussed  in  the 
following  sections. 

3.2.  Household  size  and  ownership 

Adoption  of  microgeneration  is  more  prevalent  in  larger 
houses  [15,31].  This  may  be  due  to  a  number  of  factors:  available 
space,  higher  energy  use  or  perhaps  a  higher  household  income 
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Fig.  4.  Feed-in  tariff  (FIT)  payment  rates  and  the  number  of  instalations  per  month  for  solar  PV  retrofit  installations  of  less  than  4  kW  capacity  [74], 


(discussed  further  in  Section  3.3).  Large  homes  are  likely  to  have 
more  space  to  incorporate  a  microgeneration  system.  They  also 
tend  to  use  more  energy  due  to  larger  space  heating  requirement, 
which  may  increase  the  importance  of  energy  consumption 
within  the  home.  Both  of  these  factors  potentially  contribute  to 
a  greater  motivation  to  install  microgeneration.  Caird  and  Roy 

[15]  found  that  78%  of  surveyed  adopters  lived  in  a  larger 
detached  house  or  bungalow,  as  opposed  to  47%  considerers 
and  44%  rejecters.  Most  of  the  considerers  and  rejecters  in  the 
sample  resided  in  smaller  semi-detached  or  terraced  homes. 
However,  the  study  by  Claudy  et  al.  [11]  tested  for  a  relationship 
between  household  size  and  awareness  of  microgeneration  and 
did  not  find  any  correlation. 

Those  who  own  and  live  in  their  own  home  are  far  more  likely 
to  install  microgeneration  [31,56],  Keirstead  [31]  found  that  of 
those  who  have  installed  solar  PV,  97%  owned  their  home,  which 
is  significantly  higher  than  the  71%  national  average.  Fischer  and 
Sauter  [56]  differentiate  between  owners  of  a  family  home, 
tenants  and  flat  owners,  and  suggest  that  only  family  home 
owners  have  direct  control  over  the  decision  to  install.  Family 
home  owners  also  have  a  direct  financial  motivation  in  benefit¬ 
ing  from  fuel  bill  savings,  as  opposed  to  landlords  and  housing 
associations,  where  these  savings  are  normally  passed  on  to  the 
tenant.  Further,  there  may  be  more  than  just  a  financial  motiva¬ 
tion  within  a  family  home,  such  as  to  visibly  demonstrate 
environmental  commitment  or  to  become  more  secure  against 
future  fuel  bill  increases  (as  discussed  in  previous  sections).  This 
is  less  likely  for  a  landlord  as  the  house  may  be  merely  a 
financial  investment  rather  than  their  residence  [56].  Fischer 
[27]  conducted  a  survey  of  142  participants  of  a  field  test  in 
Germany,  where  fuel  cell  CHP  systems  were  installed  in  their 
homes.  They  were  asked  about  their  attitudes  to  energy  and  the 
environment,  attitudes  towards  technologies,  in  particular  fuel 
cell  CHP,  and  environmental  behaviour.  The  study  compared 
this  survey  with  a  representative  survey  of  the  German  public 
[69]  and  found  that  the  fuel  cell  CHP  owners  had  larger  families 
and  consequently  larger  homes,  with  an  average  of  3.15  people 
per  household  as  opposed  to  2.59  in  an  average  German 
household. 

Homes  with  larger  families  may  have  less  disposable  income 
or  lower  savings  to  spend  on  microgeneration.  However,  Ellison 

[16]  finds  that  households  with  children  under  16  are  not 
significantly  more  or  less  likely  to  install  microgeneration.  Whilst 
available  funds  for  an  investment  may  be  lower,  the  author 
suggests  that  households  with  younger  children  are  less  likely 
to  move  homes  and  so  they  may  be  more  suited  for  a  long-term 
investment  such  as  microgeneration  [16], 


Furthermore,  the  length  of  subsidies  through  the  FIT  incentives 
is  up  to  25  years,  which  may  be  a  barrier  to  those  wishing  to  move 
house  before  then.  Standard  property  rights  apply  to  microge¬ 
neration  equipment  installed  in  the  property,  which  means  that 
FIT  payments  would  be  transferred  to  the  new  owners  and  the 
value  of  these  will  be  set  by  the  housing  market.  However,  this 
added  complication  and  risk  of  low  resale  value  may  be  unwel¬ 
come  by  those  who  anticipate  moving  house  sooner  than  25 
years.  Particularly,  there  may  be  less  willingness  for  older  gen¬ 
erations  to  become  locked  into  a  long  investment  that  may 
outlive  them  [32]. 

The  presence  of  differing  opinions  within  a  household  is  also  a 
barrier  for  some  [56],  Decisions  made  by  a  household  can  be  very 
different  to  those  made  by  an  individual,  after  incorporating 
different  preferences  of  the  household  members  [34]. 

3.3.  Social  class,  income  and  education 

A  number  of  studies  have  found  correlations  between  aware¬ 
ness  or  adoption  of  microgeneration  and  social  class  [16,65,70], 
income  and  education  [11,31,56],  In  terms  of  social  class,  there 
appears  to  be  more  knowledge  and  awareness  of  microgeneration 
in  the  AB  or  ABC1  groups  [16,65,70],  In  one  study,  taking  the 
example  of  solar  PV,  28%  of  ABC1  s  stated  that  they  knew  ‘a  great 
deal’  or  ‘a  fair  amount’  compared  to  16%  of  C2DEs  [16].  Another 
study  [11]  suggested  that  the  most  aware  of  microgeneration  are 
an  upper-middle  class  category  (social  class  A).  Keirstead  [31  ]  also 
found  that  adopters  are  wealthier  (40%  had  household  incomes 
of  greater  than  £50,000  pa)  and  have  more  degree-level  qualifica¬ 
tions  than  the  national  average  (77%  rather  than  30%  nationally). 
Similarly,  Fischer  and  Sauter  [56]  identified  that  those  most  likely 
to  adopt  microgeneration  (in  this  case  fuel  cell  CHP)  are  a  high- 
income,  highly-educated  ‘academic  elite’. 

The  causality  between  adoption,  social  class,  income  and 
education  is  less  known.  Claudy  et  al.  [11]  suggest  that  high 
earners  are  more  likely  to  install  due  to  the  high  cost  and  more 
highly  educated  people  are  more  likely  to  adopt  due  to  the 
‘high-involvement’  nature  of  microgeneration,  particularly  in 
terms  of  investigating  prior  to  installation  and  the  ‘hands  on’ 
operation  for  some  technologies  (e.g.  biomass).  However,  there 
is  no  justification  for  this  correlation  between  education  and 
involvement  and  as  such  it  is  unexplained.  Conversely,  Fischer 
and  Sauter  [56]  suggest  that  income  is  not  the  reason  for  a 
greater  number  of  installations  among  higher  earners  but 
instead  it  is  due  to  social  status  and  education.  They  also 
suggest  that  different  microgeneration  technologies  appeal  to 
different  segments  of  the  population:  solar  thermal  and  biomass 
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boilers  are  adopted  more  by  farmers  and  skilled  manual  work¬ 
ers,  whereas  solar  PV  tends  to  be  adopted  by  a  high  earning 
‘academic  elite’. 

On  the  other  hand,  Sopha  et  al.  [34]  find  that  a  higher  income 
does  not  imply  greater  likelihood  of  installing  a  microgeneration 
system.  The  results  indicate  that  those  with  a  higher  income  were 
more  inclined  to  choose  an  electric  heating  system  over  a  wood- 
pellet  boiler  or  heat  pump.  Instead,  middle  income  respondents 
were  most  likely  to  prefer  a  wood  pellet  boiler  over  electric 
heating.  The  authors  suggest  that  this  occurs  because  middle 
income  households  lie  between  two  barriers  associated  with 
lower  and  higher  incomes:  the  former  group  is  put  off  by  the 
high  capital  costs  whereas  for  high-income  households,  fuel  cost 
saving  is  not  a  significant  issue  [34]. 


4.  Further  discussion  and  conclusions 

The  literature  discussed  in  this  paper  suggests  that  capital 
costs  are  the  most  important  barrier  for  installing  microgenera¬ 
tion  technologies.  This  is  because  they  are  too  high  for  the 
majority  of  potential  adopters,  as  also  indicated  by  the  significant 
gap  between  the  WTP  by  potential  adopters  and  capital  costs  (see 
Table  3).  However,  FIT  incentives  have  modified  the  UK  financial 
landscape  for  those  considering  adoption  and  are  likely  to  have 
increased  consumers’  WTP  for  microgeneration  in  the  last  two 
years,  especially  for  solar  PV.  Additionally,  the  global  solar  PV 
market  has  grown  significantly,  leading  to  a  drop  in  capital  costs 
in  the  UK  by  around  50%  between  December  2010  and  September 
2012.  At  a  levelised  installed  cost  of  approximately  £2000/kW  in 
September  2012  (see  Fig.  2),  capital  costs  are  now  approaching 
those  found  in  more  mature  markets,  for  example  in  Germany 
(approximately  £1500/1<W)  [71,72]  and  are  far  lower  than  in  the 
USA  (£5500/kW)  [71], 

The  reduction  in  costs  of  solar  PV  is  illustrated  in  Fig.  2, 
which  shows  UK  levelised  average  consumer  capital  costs  from 
2006  to  September  2012.  These  figures  are  for  systems  smaller 
than  4  kWp  and  are  collated  from  installation  quotes  [22], 
advice  from  installers  and  the  experience  of  adopters  [19,20].6 
Within  this  period,  UK  domestic  electricity  prices  rose  by 
around  15%,  increasing  the  savings  made  by  generating  elec¬ 
tricity  through  PV  FIT  payments  and  resulting  in  higher  relative 
financial  gains  from  installing  microgeneration.  The  rising 
electricity  costs,  along  with  high  solar  PV  FIT  rates  between 
April  2010  and  April  2012,  have  led  to  high  demand  for  solar  PV 
with  the  number  of  installations  rising  from  3000  in  2008  to 
320,000  in  2012  (see  Fig.  1  and  Appendix  A).  As  mentioned  in 
the  introduction,  this  high  demand  as  well  as  significantly 
reduced  installation  costs  prompted  the  government  to  halve 
the  FIT  rate  in  April  2012  (from  45  to  21  p/kWh).  The  effect  of 
this  change  on  demand  for  solar  PV  can  be  seen  clearly  in  Fig.  4: 
a  significant  rise  in  demand  prior  to  the  reduction  in  FITs  is 
followed  by  a  sharp  drop  after  it.  Although  the  government 
recognised  that  the  uptake  of  solar  PV  since  April  2012  has  been 
very  low  [25,73],  it  still  subsequently  announced  a  further 
reduction  of  FIT  payments  to  16  p/kWh  from  August  2012 
[25 ].  This  is  likely  to  hamper  further  the  uptake  of  PV  and 
other  microgeneration  technologies.  The  demand  for  the  latter 
has  been  low  anyway  (see  Appendix  A)  as  their  capital  costs 
have  not  decreased  as  drastically  as  PV  costs. 

Consumer  cost  reductions  are  most  likely  to  occur  through 
market  development  with  increased  uptake  (such  as  seen  with 


6  References  [22]  and  [23]  give  installation  costs  but  do  not  provide  the  source 
or  derivation. 


solar  PV)  or  through  policies  to  reduce  capital  costs.  Policies  that 
could  further  reduce  capital  costs  include  capital  grants  and  loans, 
which  could  be  paid  back  with  money  earned  through  FIT 
payments.  Capital  grants  can  be  appealing  to  consumers  as 
they  are  clearly  visible  (as  opposed  to  tax  relief)  and  easily 
understandable  (rather  than  incremental  incentives)  [75].  Private 
loans  specific  to  the  solar  PV  market  already  exist  in  England, 
from  a  number  of  banks  and  microgeneration  suppliers.  The 
Italian  government  has  gone  a  stage  further,  however,  using 
low-interest  loans  which  are  directly  paid  back  through  FIT 
payments  [76]. 

As  opposed  to  barriers,  the  most  commonly  identified  motiva¬ 
tions  to  installing  microgeneration  are  environmental  benefit  and 
earning  or  saving  money  through  incentives  and  reduced  fuel 
bills.  Potential  adopters  are  driven  by  the  desire  to  show  others 
their  environmental  commitment  and  to  reduce  GHG  emissions 
but  there  has  been  little  research  into  the  WTP  for  this  in  different 
segments  of  the  UK  population. 

Attitudes  towards  microgeneration  and  rates  of  installation 
are  found  to  vary  across  age  groups.  However,  there  is 
no  agreement  on  the  correlation  within  the  literature.  Younger 
age  groups  (under  44)  typically  have  a  higher  awareness 
of  microgeneration  and  are  more  willing  to  consider  installing 
but  less  frequently  reach  the  point  of  installation.  This  suggests 
that  other  factors  come  in  to  play  that  prevent  them  from 
installing,  such  as  cost.  Older  age  groups  (over  65)  can  be 
segmented  into  two  groups:  those  who  are  unaware  or  simply 
content  with  their  existing  system  and  those  who  have  installed. 
Those  of  this  age  group  who  are  aware  and  have  considered 
microgeneration  may  have  experienced  fewer  barriers  to  adop¬ 
tion,  such  as  cost  or  the  suitability  of  their  home,  hence  they 
have  installed. 

There  are  a  number  of  factors  that  may  directly  affect  barriers 
to  installation  that  are  likely  to  be  correlated  with  age,  such 
as  whether  people  own  a  house  or  not,  the  level  of  available 
capital  for  investment  and  the  size  of  house  or  family.  Further 
investigation  into  these  factors  is  required  to  understand  why 
there  are  differing  perceptions  across  different  segments  of  the 
population. 

Furthermore,  in  many  cases,  the  surveys  conducted  were 
limited  to  the  inspection  of  descriptive  statistics.  Many  studies 
have  identified  some  factors  that  affect  adoption  but  few 
have  investigated  how  important  different  factors  are.  Perhaps 
most  importantly,  there  has  been  little  research  into  why 
adoption  is  lower  for  different  segments  of  the  population 
and  the  background  to  the  motivations  and  barriers  that  affect 
adoption  remains  unclear.  Thus,  to  help  towards  a  better 
understanding  of  how  the  uptake  of  microgeneration  could  be 
improved,  a  deeper  analysis  is  required  of  the  importance  of 
motivations  and  barriers  and  possible  reasons  that  affect 
people’s  decisions. 
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Table  Al 

Estimate  of  total  energy  contribution  from  microgeneration  in  2008  [8]. 


Technology 

No.  of  installations  in  2008 

Capacity  (kWa) 

Energy  generation  (MWh/year) 

Energy  yield  (MWh/kW.yr) 

Solar  PV 

2993 

10,354 

8801 

0.850 

Micro-CHP 

200-1000  (mean  600) 

7000 

N/A 

N/A 

Micro- wind 

2323 

4367 

3825 

0.876 

Micro-hydro 

73 

921 

4033 

4.379 

Solar  thermal 

97,500-102,000  ( mean  99,750) 

205,000-213,000  (mean  209,000) 

132,000-137,000  (mean  134,500) 

0.644 

Biomass  boilers 

1400 

28,000 

23,961 

0.856 

GSHP 

3415 

22,198 

58,448 

2.633 

ASHP 

169 

1146 

2892 

2.524 

Total 

110,723 

282,986 

236,460 

N/A 

a  kWp  for  solar  PV. 


Table  A2 

Number  of  installations  and  capacity  of  microgeneration  systems  below  50  kW 
registered  in  the  FIT  database  [9]. 


Technology 

No.  of  installations  (2012) 

Capacity  (kW)a 

Solar  PV 

317,172 

974,046 

Micro-CHP 

400 

406 

Micro-wind 

2512 

33,752 

Micro-hydro 

171 

4037 

a  kWp  for  solar  PV. 


Table  A3 

Estimated  number  of  total  installations,  capacity  and  energy  yield  of  microgenera¬ 
tion  in  the  UK  as  of  the  4th  quarter  201 2a. 


Technology 

No.  of 

installations 

Total  capacity 
(kW)b 

Total  energy  generation 
(MWh/yr) 

Solar  PV 

320,165 

984,400 

836,750 

Micro-CHP 

1000 

7406 

N/A 

Micro-wind 

4835 

38,119 

33,388 

Micro¬ 

hydro 

244 

4958 

21,711 

Solar 

thermal 

99,750 

209,000 

134,500 

Biomass 

boilers 

1400 

28,000 

23,961 

GSHP 

3415 

22,198 

58,448 

ASHP 

169 

1146 

2892 

Total 

430,978 

1,295,227 

1,111,649 

a  The  estimate  of  the  microgeneration  installations  in  the  UK  is  assumed  to  be 
the  sum  of  those  registered  with  the  FIT,  which  include  those  previously 
registered  with  the  Renewables  Obligation  scheme  (Table  A2)  and  the  estimate 
of  installations  by  Element  Energy  in  2008  (Table  Al ).  The  total  energy  yield  is 
estimated  by  scaling  up  the  estimated  energy  yield  per  kW  capacity  (Table  Al, 
column  5)  to  estimate  total  capacity,  shown  in  Table  A4. 
b  l<Wp  for  solar  PV. 


Table  A4 

Estimation  of  total  contribution  of  microgeneration  to  UK  domestic  energy 
consumption. 


Variable 

Value 

Unit 

Source 

(i) 

Energy  from  domestic  sector 

563,891,022 

MWh/yr 

[77] 

(2) 

Energy  from  microgeneration 

1,111,649 

MWh/yr 

Table  A3 

(3) 

Energy  contribution  from 
microgeneration  to  the 
final  energy  demand  in 
the  UK  domestic  sector: 

(3)=(2)/(l) 

0.197 

% 
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